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1.  は　じ　め　に








































































































Table 1.   Comparison of the different production systems of recombinant proteins*
Bacteria Yeasts








Practical productivity 　　++ 　　++ 　　+ 　　+ 　　++ ++++
Investment cost +++++ +++++ 　　++ 　　+ 　+++ 　+++
Production cost +++++ +++++ 　　++ 　　+ 　+++ 　+++
Time for the first production +++++ +++++ 　+++ +++++ 　++++ 　+++
Collection +++++ +++++ +++++ +++++ +++++ ++++
Purification 　+++ 　　　+++ 　+++ 　+++ 　+++ +++
Post-translational modifications 　　+ 　　　++ 　+++ ++++ 　+++ ++++
Glycosylation 　　+ 　　　++ 　+++ ++++ 　　++ ++++
Stability of products 　+++++ +++++ 　+++ 　+++ 　++++ ++++
Pathogenic contamination 　+++++ +++++ +++++ ++++ +++++ ++++
Patent potency 　++++ 　　+++ 　+++ 　　++ 　+++ +++
Marketing of products 　++++ 　　+++ 　+++ +++++ 　　　+ +++
* Cited in part from the paper by HOUNDEBINE28）





Galactose Fucose Mannose N-acecylcoline Cyaric acid
Bacteria ○ × × × × × ×
Yeasts ○ ○ × × ○ × ×
Insect cells ○ ○ ○ ○ ○ × ×
Plants ○ ○ ○ ○ ○ × ○
Animals ○ ○ ○ ○ ○ ○ ×



































































Table 3.   Human proteins secreted in milk of transgenic farm animals after 1990*
Proteins Species where produced Gene promoter Researchers
Interleukin-2 Rabbit Rabbit β- casein Buhler et al, 19905）
α- antitrypsin Ovine Ovine β- lactalbumin Wright et al, 199184）
Tissue plasminogen activator Goat Ovine β- lactalbumin Ebert et al, 199113）
Lactoferrin Cattlle Bovine αs1- casein Krimpenfort et al, 199138）
Activated protein C Pig Mouse whey acidic protein Velander et al, 199276）
IGF-I** Rabbit Bovine αs1- casein Wolf et al. 199783）
α- lactalbumin Pig Bovine α- lactalbumin Bleck et al, 19983）
Factor Ⅷ *** Ovine Ovine β- lactalbumin Niemann et al, 199951）
Lysostaphin Cattle Ovine β- lactalbumin Wall et al, 200578）
Lysozyme Goat Bovine αs1- casein Maga et al, 200645）
IGF-I Pig Bovine α- lactalbumin Wheeler et al, 200681）










































































イントロン，転写終結点などの DNA 領域を組込むこと15,27） 
が必要である。そのうち，乳汁中に有用物質を分泌させる
Table 4.   Comparison of the time required to obtain proteins in different transgenic species*
Rabbit Pig Sheep Goat Cattle
Age at sexual maturity（months） 5 6 8 8 15
Gestation time（months） 1 4 5 5 9
Time between gene transfer and first lactation 7 16 18 18 33
Number of offspring 8 10 1-2 1-2 1
Annual milk yield（liters） 15 300 500 800 8000
Recombinant protein per female per year（kg） 0.02 1.5 2.5 4 40





































































る。ヒトプロテイン C を Tg マウスの乳汁中に分泌させ








































年間数 Kg の有用物質の生産が可能である。また，Tg ヤ
ギを利用した生産システムの場合は，年間に得られるヒト
アンチスロンビンⅢ / 頭は，4 万人の血液から得られる量
に匹敵すると考えられている。最近，ヒト血液凝固第Ⅸ因
子（hFIX）の遺伝子が単離された。この因子の欠損は血
友病 B の原因となる。当遺伝子は X 染色体に帰属するこ



































引き起こすことなく，2006 年に Tg 動物で生産させた医
薬品として世界ではじめて EMEA（European Medicines 
Evaluation Agency：欧州医薬品審査庁）により認可され










Table 5. Some of the biomedicines under study produced in milk of transgenic animals that are currently in 
commercial development*
Proteins Company Animals g/l Glycosilation Development
ATryn GTC Goat 3 <NANA, >NGNA EMEA approved （2006）
US approved （2009）
Inhibitor C1 Pharming Rabbit 8 <NANA Phase Ⅲ
Fibrinogen Pharming Rabbit ? ? Clinical
Malaria antigen GTC Goat ? No Clinical
Anti-CD137 GTC Goat ? ? Clinical
Albumin GTC Goat ? No Clinical
α- antitrypsin GTC Goat ? ? Clinical
RotavirusVP2/VP6 BPT Rabbit 0.5 No Preclinical
Blood factor BPT Rabbit 3 <NANA Preclinical
TNAP AM Pharma Rabbit <0.1 ? Preclinical
* Cited from the paper by NIEMANN AND KUES52）
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Abstract
Human insulin and growth hormone were prepared in recombinant bacteria in the early 1980s, and 
used by patients. However, this production system was limited for the human proteins other than 
these proteins by the fact that bacteria cannot synthesize complex proteins which must be matured by 
post-translational modification to be biologically active. The different systems to produce recombinant 
pharmaceutical proteins have been implemented using yeasts, plants, insects or chickens as a source 
of recombinant proteins. However, they have advantages and limits, respectively. Transgenic animals 
offer particularly attractive system to produce recombinant proteins. Milk of transgenic farm animals 
is presently the most established system to produce biomedicines. In 2006, EAEM（European Agency 
of Evaluation Medicines）approved marketing of the first recombinant medicine, human antithronbin 
Ⅲ , derived from the milk of transgenic goats. Although this production system has not yet been fully 
achieved and is still being improved, the number of companies involved in the production of biomedicines 
is expected to increase.
Key words : transgenic farm animals, recombinant proteins, biomedicines
Bull. Nippon Vet. Life Sci. Univ., 63, 12-22, 2014.
